
Project Introduction

In light of NASA's goal for planetary exploration, the development of new
technology is imperative. The aerodynamic deceleration technique used during
Entry, Descent, and Landing (EDL) plays a vital role in mission success. The
concept of interest in the current research is the inflatable aerodynamic
decelerator (IAD). An inflatable aerodynamic decelerator is a gas-pressurized
device that is inflated at the time of deployment. This technology was born in
the 1960's, followed by minimal research until the mid 1990's. Over the past
15 years there have been many studies that have continued to show feasibility
and the necessity of this type of technology. Necessity stems from the fact
that the current entry technology is quickly reaching its limits in terms of
landing high payload masses on Mars. It is well known that the complex
flowfields during atmospheric entry will strongly interact with the structural
dynamics of an IAD. This, in conjunction with the inherent unsteadiness of the
flow, leads to many challenges in understanding these interactions. Thus, this
research proposes to develop a time-accurate aeroelastic model with
application to the analysis of inflatable aerodynamic decelerators. This will be
accomplished through the coupling of a computational fluid dynamics (CFD)
solver and a computational structural dynamics (CSD) solver. The CFD and
CSD solvers ultimately used in this work will be selected through close
consultation with research partners at NASA. One approach under
consideration for the CFD analysis is the use of NASCART-GT, a solution
adaptive, Cartesian, Navier-Stokes code developed at the Georgia Institute of
Technology. One of the key difficulties in performing aerodynamic analysis of
deforming bodies is the fact that the computational mesh must change with
time. Using NASCART-GT will provide an automated grid generation process to
begin the computational solution. As the IAD is deformed, new surface
information must be computed, and the flow solution may proceed. The
computed pressure and thermal load distribution over the geometry are input
to the structures solver. There are many solvers that exist, with the most
likely candidate being LS-DYNA, based on the previous coupling efforts with
NASCART-GT. This previous work demonstrated successful coupling to obtain
steady-state aeroelastic solutions. The results to date have not included the
effects of temperature and heat flux on the IAD. Using a recently enhanced
tool in NASCART-GT, which combines an Euler solution with an integral
boundary layer method, will provide these thermal effects. The time-accurate,
coupled analysis tool must first be validated against either wind tunnel tests or
against other forms of reliable computational results. Following the
development and validation of this computational tool, analysis on a series of
configurations directly applicable to points along a trajectory of interest will be
conducted. The specifics of this task will require collaboration with NASA in
order to determine appropriate conditions. The proposed research falls under
multiple Technology Areas (TA) of NASA's Space Technology Roadmap. The
primary TA that categorizes the proposed work is TA 9: Entry, Descent, and
Landing Systems. Within this category, there are several higher-level areas
including the following: 9.1.4 Hypersonic Decelerators, 9.1.6 Entry Modeling
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and Simulation, 9.2.1 Attached Deployable Decelerators, and 9.2.2 Trailing
Deployable Decelerators. Further development of IADs will provide NASA with
a suitable means of attaining the goal of planetary space exploration. The
current research furthers this endeavor by investigating the complex problems
associated with the interaction between aerodynamics and structural
dynamics. Results from this work will be able to provide a greater
understanding of this phenomenon, as well as the ability to computationally
predict these effects.

Anticipated Benefits

Further development of IADs will provide NASA with a suitable means of
attaining the goal of planetary space exploration. The current research
furthers this endeavor by investigating the complex problems associated with
the interaction between aerodynamics and structural dynamics. Results from
this work will be able to provide a greater understanding of this phenomenon,
as well as the ability to computationally predict these effects.
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